Autoxidized
lipids in foodstuffs can be a source of radicals in v/vo.1} We have nutritionally clarified the hepatotoxicity of autoxidation products in rats. A part of the secondary autoxidation products orally administered was incorporated into the liver.2) This impaired the activities of hexokinase and phosphoglucomutase, 3) and led to a reduction in the NADPH-supplemental system in the liver.4* This hepatotoxicity is probably due to aldehydes present in the secondary autoxidation products.5~7) Kanazawa et al. orally administered radioactive autoxidation products to rats and followed their fate.8) The incorporated secondary products were detoxified in the liver, and metabolized to lipids in mitochondria and microsomes. Oarada et al. also reported that the radioactivity of autoxidation products was incorporated into normal saturated or monoenoic fatty acids with carbon chain lengths of 16 and 18.9) On the other hand, it was reported that the feeding of autoxidized lipids To whomcorrespondence should be addressed. 2007 changed the hepatic content of triacylglyceroj io,ii) xherefore9^must be determined how autoxidation products orally administered affect hepatic lipid metabolism. Autoxidation products can be classified into hydroperoxides (primary products) and secondary autoxidation products. It has been believed that most hydroperoxides are readily decomposed12 '13) or reduced to hydroxy derivatives14 '15* in the alimentary canal. On the contrary, a part of the secondary products is incorporated per se into the liver, as reported previously.16) The effect of secondary products orally given on hepatic lipid metabolism may be different from that of hydroperoxides. In the present study, linoleic acid, and its hydroperoxides and secondary autoxidation products were administered orally to rats. It was found that the secondary autoxidation products decreased lipogenesis and increased lipolysis. Analysis ofhepatic lipids. Lipids were extracted from the liver powder homogenate with 3 volumes of a methanolchloroform (2: 1) mixture using a Potter type homogenizer. The chloroform layer was retained and washed with water. The chloroform was evaporated in vacuo and then the dry matter was weighed to determine the lipid content in the liver. Lipids were dissolved again in 1 ml of chloroform and then applied on a silica gel column (Wakogel C-100, 1 x 17cm). The neutral lipid, glycolipid and phospholipid fractions were eluted with chloroform, acetone and methanol, respectively, as shown previously.8} The neutral lipid and phospholipid fractions were dried up, weighed, and then subjected to fatty acid composition analysis.
MATERIALS AND METHODS
Lipids were hydrolyzed and then methylesterified with 0.5n sodium methylate in 30% benzonic methanol. The methyl esters were extracted with one volume of hexane 3 times and then subjected to gas chromatography; Shimadzu Gas Chromatograph, Model GC-6AM, with a 2m column of EGSS-X (2%), at a constant temperature of 180°C. The composition percentage of each fatty acid was calculated on the chromatogram.
Enzymatic analysis. The liver powder homogenate was centrifuged at 700 x g for lOmin and the resultant supernatant was subjected to centrifugation at 12,000 x g for 20 min. The pellet was used as the mitochondrial fraction and the supernatant was centrifuged again at 105,000 x g for 1 hr. The resultant supernatant was referred to as the cytosol fraction. Carnitine palmitoyltransferase activity in the mitochondrial fraction was assayed according to Markwell et al.25 ) Acetyl-CoA carboxylase activity was measured by the 14C-labeled sodium bicarbonate fixation method using the cytosol fraction.26) Determination of the metabolite levels. Onegramof the liver powderwas submitted to acid-extraction with 4 ml of cold 9%perchloric acid. The levels of CoASHand acetylCoApresent in the extract were determined enzymatically by the methods of Michal and Bergmeyer,27) and Decker, 27) respectively. Acid-insoluble long-chain acyl-
CoA present in the precipitate was converted to CoASH27) and then quantified.
de novo Synthesis offatty acids in the liver. Another four groups of rats wereexsanguinated 15 hr after the administration of autoxidation products. 
RESULTS
The contents of hepatic lipid peroxides and the compositions offatty acids Linoleic acid, and its hydroperoxides and secondary autoxidation products were administered orally to rats as well as a saline solution (control). The contents of lipid peroxides in the liver were determined by means of the thiobarbituric acid and hemoglobin-methylene blue tests 15 hr after the administration (Table   I ). Both tests may be indirect ones for the determination of lipid peroxides. However, many data on endogenous lipid peroxidation have been obtained with both methods. So, these methods were also used here. The lipid peroxide contents did not change in the linoleic acid group as compared to the values in the control group. The administration of hydroperoxides and secondary products slightly increased the endogenous level of lipid peroxides. 2009 Endogenous lipid peroxidation may change fatty acid compositions, especially those of unsaturated fatty acids. The hepatic lipids were extracted and the fatty acid compositions of the neutral lipids and phospholipids were analyzed. Table II shows the compositions in the four groups of rats, when the content of palmitic acid was taken as 100. Palmitic acid is one of the major components, because it comprises around 20% of the total amount of fatty acids. The composition percentage of palmitic acid showed negligible variability between the two lipid classes and among the four groups of rats also. Moreover, it is difficult to assume that saturated fatty acids such as palmitic acid are lost during endogenous lipid peroxidation.
The linoleic acid content in the neutral lipids of the linoleic acid group was significantly increased as compared to that in the control group. The contents of arachidonic and docosahexaenoic acids were also slightly increased in the phospholipid fraction. On the contrary, in the hydroperoxide group, arachidonic and docosahexaenoic acids were markedly decreased while linoleic and linolenic acids were slightly increased. In the secondary product group, only slight losses were detected in linolenic acid of neutral lipids, and linoleic and arachidonic acids of phospholipids. Thus, the hepatic contents of lipid peroxides increased on the administration of autoxidation products. The fatty acid compositions changed in the hydroperoxide group, but not in the secondary product group. de novo Synthesis offatty acids in the liver Figure 1 shows the changes in the content of hepatic lipids on the administration of autoxidation products as compared with on that of linoleic acid and a saline solution. The administration of secondary products significantly decreased the total amount of hepatic lipids, by 15%. The lipids were separated into neutral lipids and phospholipids, the contents of which were then measured. The amounts of neutral lipids decreased by 10% and 20% in the hydroperoxide and secondary product groups, respectively. Phospholipids in the secondary product group increased by 10%. acid and secondary product groups was observed in the mode of reduction of de novo synthesis of fatty acids. Besides, the effect of secondary products was evidently different from that of hydroperoxides.
Changes in lipogenic and lipolytic activities
The activities of hepatic acetyl-GoA carboxylase, which is one of the key enzymes in lipogenesis, and carnitine palmitoyltransferase, which is one of the key enzymes in lipolysis, were compared among the four groups (Table IV) . The data for acetyl-CoA carboxylase activity show a similar tendency to the results in Table III . The activity of this enzyme decreased by 75% and 70% in the linoleic acid and secondary product groups, respectively, but did not change in the hydroperoxide group. The activity of carnitine palmitoyltransferase remained unchanged hi the linoleic acid and hydroperoxide groups.
On the contrary, the activity increased to 1.4- fold in the secondary product group. The administration of linoleic acid decreased the lipogenic activity in the rat liver (Tables III and IV) . It has been reported that hepatic lipogenesis is markedly reduced by feeding linoleic acid.29) The oral administration of linoleic acid caused the accumulation of long-chain acyl-CoA in the liver (Table V) , which is formed through acylation of linoleic acid. The accumulation of longchain acyl-CoA inhibits lipogenesis.
On the other hand, long-chain acyl-CoA also accumulated in the hydroperoxide group (Table V) , but the activity of acetyl-CoA carboxylase remained unchanged (Table IV) . The longchain acyl-CoA derived from metabolites of hydroperoxides, probably hydroxy linoleylCoA, may not inhibit lipogenesis.
The administration of secondary products led to a reduction in lipogenesis and an increase in lipolysis, but hydroperoxides did not (Tables III~V). The administration of hydroperoxides markedly reduced the contents of arachidonic and docosahexaenoic acids (Table II) There are two possibilities for the reduction of lipogenesis by secondary products. One is direct injury of the lipogenic system and the other is NADPH depletion.
We have previously investigated the effect of oral administration of secondary products on the NADPH/ NADP ratio in the liver.4) The secondary products disturbed the NADPH-supplemental system. It is suggested that the reduction in lipogenesis is due to injury to this system. The activity of carnitine palmitoyltransferase significantly increased in the secondary product group (Table IV) . Wealso previously reported that the oral administration of secondary products inhibited carbohydrate metabolism.-^This results in a decrease in energy in the liver. The need for energy may stimulate the lipolytic system. Thus, the reduction in lipogenesis and increase in lipolysis led to depletion of hepatic neutral lipids in the secondary product group (Fig. 1) .
